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IMPROVED POLYMER EXPANSION FOR OIL AND GAS RECOVERY 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation of U.S. patent application Serial No. 
09/454,687, filed on December 3, 1999, which was a continuation of U.S. Patent Application 
Serial No. 09/191,336, filed on November 13, 1998, now issued as U.S. Patent No. 6,017,855, 
which was a continuation of U.S. Patent Application Serial No. 08/864,007, filed on May 27, 
1997, abandoned. 

FEDERALLY SPONSORED RESEARCH 
[0002] Not applicable. 

REFERENCE TO MICROFICHE APPENDIX 
[0003] Not applicable. 

BACKGROUND OF THE INVENTION 

[0004] Production of oil and gas from subterranean formations is dependent on many 
factors. These hydrocarbons must usually migrate through a low permeable formation matrix to 
drain into the wellbore. In many formations, the permeability is so low that it hinders the well's 
production rate and overall potential. In other wells, the near wellbore is damaged during 
drilling operations and such damage often results in less than desirable well productivity. 
Hydraulic fracturing is a process designed to enhance the productivity of oil and gas wells or to 
improve the injectivity of injection wells. 

[0005] In the fracturing process, a viscous fluid is injected into the wellbore at such a 
rate and pressure as to induce a crack or fracture in the formation. Once the fracture is initiated, 
a propping agent, such as sand, is added to the fluid just prior to entering the wellbore. This sand 
laden slurry is continuously injected causing the fracture to propagate or extend. After the 
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desired amount of proppant has been placed in the reservoir, pumping is terminated, and the well 
is shut-in for some period of time. Later, the well is opened, initially to recover a portion of the 
treating fluid and later the hydrocarbons. The hydraulic fracturing process is successful because 
the hydrocarbons are now able to drain into the propped fracture that serves as a highly 
conductive channel leading directly to the wellbore. 

[0006] The fracturing treatment is dependent, in part, on the properties of the fracturing 
fluid. The fluid must attain high viscosities, minimize solvent loss to the formation matrix 
(known in the art as fluid loss control) and adequately suspend the proppant. The fracturing 
fluid is prepared by first dissolving polymers in a solvent. Generally, the solvent is water which 
is often made saline or contains other additives to minimize clay expansion and migration in the 
formation matrix. The fracturing fluids are typically composed of water soluble polymers, 
crosslinking agents, breakers and other additives, such as surfactants, which are employed to 
prevent well specific problems such as water blocks or emulsions. 

[0007] The water soluble polymers most often used are either guar gum or a guar gum 
derivative. The derivatives usually are hydroxypropyl guar (HPG), carboxymethyl guar (CMG) 
or carboxymethylhydroxypropyl guar (CMHPG). Less often, cellulose derivatives such as 
hydroxyethyl cellulose (HEC) or carboxymethylhydroxypropyl cellulose are used, but are 
generally cost prohibitive. Lastly, biopolymers such as xanthan gum have been used in rare 
occasions. At polymer concentrations usually ranging from 0.24 to 0.72 weight percent, the 
viscosities of the solutions made from these polymers are too low in most instances to be used as 
a fracturing fluid. As a reference, a 0.48 weight percent polymer solution (i.e. without a 
crosslinking agent) generally provides a viscosity of less than 50 centipoise (cps) at 51 1 s' 1 . The 
viscosity of polymer solutions may be enhanced by the addition of a crosslinking agent. Typical 
crosslinking agents contain titanium, zirconium or boron ions. These agents work by binding the 
polymer chains together. Since the viscosity is derived exponentially from the polymer's 
molecular size, binding the polymers together dramatically increases their size and consequently, 
the viscosity. 
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|0008] Traditionally, polymer concentration has been viewed as the important factor in 
obtaining fracturing fluid stability, i.e. maintenance of viscosity at an acceptable level, at a 
prescribed temperature, for a defined period of time. The convention in the art has been to 
increase polymer concentration or loading to increase stability for long pumping times or for 
treating formations at high temperatures. For example, in wells having high temperatures in 
excess of about 350°F. (177°C.), the polymer loading may exceed 0.72 weight percent. At the 
other extreme, a useful fracturing fluid could not be obtained at polymer concentrations of less 
than 20 pounds per thousand gallons (ppt), or 0.24 weight percent. In practice, an increase in 
viscosity above the polymer solution is not obtained and many times the polymer may precipitate 
from solution when crosslinker is added. However, it would be highly desirable to have stable, 
crosslinked fracturing fluids using polymer loadings of 20 ppt less. 

SUMMARY OF THE INVENTION 
|0009] The surprising discovery has been made that crosslinked fracturing fluids 
having substantially reduced polymer loadings can be made that have performance equivalent to 
conventional crosslinked fracturing fluids. The fluids of the present invention include modified 
polymers having randomly distributed anionic substituents which yield high viscosity. The 
modified polymers may be crosslinked with suitable crosslinking agents to form viscous gels that 
are stable at polymer concentrations as low as 0.12 weight percent. The fluids of this invention 
provide many advantages in that equivalent fracturing fluid performance may be obtained at 
reduced overall treatment costs. Reduced polymer loadings may also result in less damage to the 
fracture sand pack and the surrounding subterranean formation after the fracturing treatment. 
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BRJEF DESCRIPTION OF THE DRAWINGS 
[0010] Not applicable. 

DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
{001 1] The invention described below is a modified hydraulic fracturing fluid and 
method of its use to stimulate oil and gas wells. Fracturing fluids are conventionally made of 
water soluble polymers which are crosslinked in order to produce sufficient viscosity to create a 
fracture and to place a propping agent into the created fracture. To serve these functions 
properly, it is believed in the art that the fluid must maintain a critical minimum viscosity. 
Fracturing fluid systems have been developed so that the critical minimum viscosity is 
maintained for various time periods at various temperatures. Generally, fluids with viscosity 
values exceeding 100 cps at 105 sec" 1 are thought to be adequate for fracturing wells. It is 
desirable for all of the fracturing fluid to be pumped into the formation before the viscosity of the 
initially pumped fluid reaches that minimum. To obtain such performance, fracturing fluid 
systems normally contain polymer concentrations greater than the C* concentration for the 
polymer. 

[0012J The C* concentration is described as that concentration necessary to cause 
polymer chain overlap. Suitable polymer chain overlap to effectively obtain a crosslinked gel is 
thought to occur when polymer concentration exceeds the C* concentration. In fact, the higher 
the polymer concentration, the greater the polymer chain overlap and the greater the gel strength 
after crossiinking. The literature often recites the C concentration for guar to be about 0.19 to 
0.22 weight percent polymer. Consequently, the lowest concentration of polymer typically used 
in hydraulic fracturing applications to form crosslinked gels has been about 0.24 weight percent 
or 20 pounds per thousand gallons (ppt). However, such gels typically have very limited 
stability at the temperatures frequently encountered in fracturing applications. 
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(0013] CMG and CMHPG contain carboxylate groups which are anionically charged 
except in strong acid. These anionically charged groups tend to repel away from one another. 
Because they are chemically bound to the polymer, repulsion of the anionic groups also causes 
the polymer to occupy a much larger volume than the unsubstituted guar polymer. Surprisingly, 
it has been found that some carboxylated guar derivatives have C* values as low as 0.06 weight 
percent. These polymers were found to make suitable crossliaked gels that were applicable for 
hydraulic fracturing processes at concentrations as low as 0.12 weight percent or 10 ppt. 
Although previously such fluids were not stable at temperatures higher than ambient, it has 
surprisingly been discovered that polymer loadings of about 0.14 weight percent are stable up to 
150°F. (65°C.) and useful gels with stability up to 175°F. (79°C.) can be made with as little as 
0. 18 weight percent polymer or 1 5 ppt. 

{0014] The invention described herein has several advantages. Lower loadings of 
polymer can be used to obtain equivalent fracturing fluid performance at reduced overall 
treatment costs. Reduced polymer loadings may also result in less damage to the surrounding 
subterranean formation after the fracturing treatment. Guar based polymers are attributed with 
causing damage to both the fracture sand pack and reducing the effective fracture width. The 
present invention permits substantial reduction in the amount of polymer injected into the 
formation while maintaining optimal fluid properties for creating the fracture. 

[0015] Reducing the C* concentration for a polymer requires modification of the 
conventional guar polymers. In the practice of the present invention it is preferred that the guar 
polymer is high yielding. High yielding guar polymers can be obtained in many ways, including 
a) using premium grade guar as the starting material to which anionic groups are chemically 
added; and/or b) selecting processing parameters that provide better uniformity in placing the 
anionic substituents on the guar polymer backbone; and/or c) additional processing steps, 
including ultrawashing to remove impurities and refine the polymer. While using premium 
grade guar as the starting material is one way to obtain high yielding polymers in accordance 
with this invention, their use is not essential. The preferred polymers in accordance with the 
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present invention are high yielding guars having randomly distributed anionic substituents. The 
most preferred polymers are high yielding guars having randomly substituted carboxymethy! 
substituents, for example CMG and CMHPG. Although CMG and CMHPG have been 
commercially available for a number of years, the conventional products have not been high 
yielding and in general do not produce the results described herein. 

[0016] When forming the fracturing fluid, the polymer loading is most preferably in the 
range of about 0.12 to about 0.24 weight percent. The high yielding guar polymer is normally 
added to an aqueous fluid which may contain a variety of additives. Careful selection of 
additives must be made because the polymer has groups which are anionic and charge 
association by counter cations is possible. If cation groups are present, less charge repulsion 
between the anionic groups on the guar polymer will occur, resulting in less polymer chain 
expansion. Consequently, the present invention requires that certain cation producing additives, 
such as potassium chloride (KC1), a clay stabilizer, be excluded from the fracturing fluid. 
However, quaternary ammonium salts based on tetramethylammonium halides such as 
tetramethylammonium chloride (TMAC) can be used as a substitute. At relatively low loadings 
as little as 0.1 weight percent, TMAC is effective on clays without being detrimental to the fluids 
of the present invention. In forming the fracturing fluid of this invention, other conventional 
additives may be included, such as breakers, stabilizers, surfactants, among others well known to 
those skilled in the art. However, such additives should be selected so as not to interfere with 
the interactions of the anionic groups on the polymer. 

(0017] Crosslinking is also an important part of the fracturing fluid. For the present 
invention, a suitable crossiinking agent is one which will increase the viscosity of the polymer 
solution by forming a complex with the anionic substituent on the polymer. Suitable 
crosslinkers include titanium, boron and zirconium based crosslinkers. Preferred crosslinkers 
include zirconium based compounds which will effectively form a complex with carboxylated 
polymers such as CMG or CMHPG. Preferred zirconium based crosslinkers include, zirconium 
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lactate, zirconium glycolate and zirconium lactate triethanolamine. The most preferred 
zirconium based crosslinker is zirconium lactate. 

[0018] When using zirconium based crossl inkers, the gelation kinetics are strongly 
dependent on the bicarbonate content of the aqueous fluid. Bicarbonate concentrations near 500 
ppm often require fluid temperatures in excess of 140°F. (60°C.) to initiate full gelation. To 
overcome this temperature dependency, the fluid pH can be adjusted to about 5.0 or less to 
reduce the bicarbonate content. At a pH of about 5, gelation occurs within acceptable times at 
ambient temperature. For higher temperature applications, the presence of bicarbonate may be 
desirable in that it can be used to delay gelation temporarily, thereby increasing shear tolerance 
of the fluid during pumping. When using bicarbonate to delay gel formation, the fluid pH can be 
increased to exceed 9.0. The preferred pH range of the fluid was established by testing and 
found to be between about 3.5 and about 2.0. Gelation of the fluid at low pH allows pumping 
the gel with C0 2 for either gas assist or foam treatments. It is within the skill in the art to 
optimize the gelation kinetics by adjusting the pH and additives in the fluid. 

[0019] The following examples are presented to show the utility of the invention and 
are not intended to limit the invention in any way. 

Example 1 

{0020] In this experiment, 0.24 weight percent CMHPG is tested as a fracturing fluid at 
about 225°F. (107°C). The fluid was prepared by adding 1.2 grams (20 ppt) of a high yielding 
CMHPG to 500 ml of tap water rapidly agitated and containing 0.5 ml of a 50 weight percent 
aqueous TMAC. After hydrating for about 30 minutes, the pH was adjusted to about 4.5 with 
glacial acetic acid. Afterward, with good agitation, 0.25 ml of a zirconium lactate crosslinking 
agent (8.5% Z1O2) was added. Gelation occurred in about 90 seconds. 

[0021] The gel was evaluated by pouring 45 grams of fluid into a Farm 50C cup. The 
Fann 50C bob and cup arrangement used an R1B5 geometry. The sample was placed on the 
rheometer and continuously sheared at 105 s" 1 for 120 seconds. A rate sweep followed using 
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105, 85, 63 and 42 s" 1 while measuring the resulting stress at each shear rate. These data were 
used to calculate the Power Law indices, n' and K' (dynes/cm 2 ), as defined in the American 
Petroleum Institute's (API) publication RP-39. After the rate sweep, the fluid was again sheared 
at 105 s' 1 while heating the sample to test temperature. The rate sweeps were repeated every 30 
minutes and the interim rate between sweeps remained 105 s"' . 

[0022] Generally, fluids with viscosity values exceeding 100 cps at 105 sec" 1 are 
thought to be adequate for fracturing wells. It is desirable for all of the fracturing fluid to be 
pumped into the formation before the viscosity of the initially pumped fluid declines below 100 
cps at 105 s' 1 . Therefore, the pumping time is the time that the fluid viscosity exceeds the 100 
cps criteria. In this experiment, the 0.24% polymer loading at low pH provided about 2 hours of 
pumping time. After 34 minutes, the fluid reached about 220°F. (104°C.) and obtained a 
viscosity of 498 cps at 105 s" 1 with an n' of .596 and K' of about 33 dynes/cm 2 . After 124 
minutes, the fluid retained 145 cps at 105 s" 1 with an n' of .561 and K' of about 11 dynes/cm 2 . 
By 154 minutes, the viscosity reached 83 cps at 105 s" 1 with an n' of .534 and K' of about 7 
dynes/cm 2 . 

Example 2 

[0023] The experiment described in Example 1 was repeated except that the test 
temperature was reduced to about 200°F. (93 °C). These data, presented in Table 2, suggest that 
the pumping time at this temperature should exceed 6 hours. 



TABLE 2 



TIME Min. 


TEMP °F. 




K' 


105 


85 


42 


4 


74 


162 


226. 1 1 1 


458 


546 


986 


32 


700 


.625 


42 29 H 


738 


799 


1041 


62 


201 


.595 


44.6013 


677 


738 


982 


92 


201 


.6 


39.2783 


610 


664 


881 


122 


201 


585 


39,0282 


566 


618 


827 


1.52 


201 


.569 


37.6312 


506 


555 


751 


181 


201 


.554 


1 35 8215 


449 


494 


676 


2) 1 


201 


.565 


.30.529 


403 


442 


601 


24! 


201 


.576 


25,8611 


,359 


39.3 


530 
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TABLE 2 



TIME Min. 


TEMP °F. 


n' 


K' 


105 


85 


42 


771 


201 


579 


22,2305 


313 


343 


461 


301 


201 




19.2906 


280 


305 


409 




201 


601 


15.6728 


245 


266 


353 


360 


93 


• ,535 


33.172 


381 


420 


583 



Example 3 

[0024] The experiment in Example 1 was repeated except that the polymer 
concentration and temperature were reduced. The fluid was prepared by adding 0.9 grams (15 
ppt) of a high yielding CMHPG to 500 ml of tap water rapidly agitated and containing 0.5 ml of 
a 50 weight percent aqueous TMAC. After hydrating for about 30 minutes, the pH was adjusted 
to about 4.5 with glacial acetic acid. Afterward, with good agitation, 0.25 ml of a zirconium 
lactate crosslinking agent (8.5% Zr0 2 ) was added. Gelation occurred in about 60 seconds. The 
fluid was evaluated using the Fann 50C rheometer as described in Example 1 except that the test 
temperature was reduced to about 150°F. (65°C). In this experiment, the pumping time for this 
fluid would exceed 16 hours. The fluid maintained viscosity of over 370 cps at 105 s' 1 for 16 
hours. During the test period, n' ranged from about .75 to about .85 and K' decreased, but 
averaged about 1 2 dynes/cm2. 

(0025) The fluid loss properties of the fluid of this example were tested. The excess 
fluid prepared above was used to fill a Baroid API high pressure fluid loss cell. The filtering 
membrane was three pieces of Baroid filter paper. The fluid was heated to 100°F. (37.8°C.) and 
pressurized to 1000 psi with N 2 . The test started by opening the bottom stem and the filtrate 
volumes at corresponding times were recorded. The calculations were made as described in the 
API's RP-39. This test had a Cm value of 0.0035 ft/min' / \ a satisfactory value for a fracturing 
fluid. These data are shown in the Table below. 



TIME MINUTES 


FLUID LOSS 


1 


4.50 


4 


8.30 


9 


12.50 


16 


17.40 
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TIME MINUTES 


FLUID LOSS 


25 


22.00 


36 


26.50 



Cross Sectional Area = 22.8 cm A 2 
. C„, = 0.0035 ft/min* 
Spurt Loss = -0.0043 gal/ft A 2 



Example 4 

|0026] The experiment in Example 1 was repeated except that the polymer 
concentration and temperature were reduced. The fluid was prepared by adding 0.6 gram (10 
ppt) of a high yielding CMHPG to 500 ml of tap water rapidly agitated and containing 0.5 ml of 
a 50 weight percent aqueous TMAC. After hydrating for about 30 minutes, the pH was adjusted 
to about 4.5 with glacial acetic acid. Afterward, with good agitation, 0.15 ml of a zirconium 
lactate crosslinking agent (8.5% Zr0 2 ) was added causing gelation to occur in about 60 seconds. 
The fluid was evaluated using the Farm 50C rheometer as described in Example 1 except that the 
test temperature was reduced to about 125°F. (52°C). The pumping time for this 10 ppt polymer 
loading was about 2 hours . The fluid maintained an average viscosity of about 109 cps at 105 s" 
1 aftest temperature for about two hours. The average n' was .771 and K' averaged about 3 
dynes/cm2. 

Example 5 

(0027] Example 4 was repeated except that the Fann 50C test temperature was further 
reduced to about 100°F. (37.8°C). In this experiment, the pumping time again exceeded 2 hours 
suggesting that fracturing fluids can be prepared using ultra low loading of polymer. The fluid 
maintained an average viscosity of about 127 cps at 1 05 s" 1 at test temperature with an average n' 
of about .797 and K' of about 3.3 dynes/cm2. 
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Example 6 

[0028] In this experiment, high yielding CMG was substituted for CMHPG. The fluid 
was prepared by adding 0.9 gram (15 ppt) of a high yielding CMG to 500 ml of tap water rapidly 
agitated and containing 0.5 ml of a 50 weight percent aqueous TMAC. After hydrating for about 
30 minutes, the pH was adjusted to about 5.1 with glacial acetic acid. Afterward, with good 
agitation, 0.50 ml of a zirconium lactate based crosslinking agent (8.5% Zr02) was added. 
Gelation occurred in about 60 seconds. The fluid was evaluated using the Fann 50C rheometer 
as described in Example 1 except that the test temperature was about 150°F. (65°C.). The pump 
time for this 15 ppt polymer loading was in excess of 7 hours. The fluid obtained a viscosity of 
about 380 cps at 105 s" 1 at test temperature (n' of about .515 and K' of about 36 dynes/cm2) and 
after seven hours maintained 360 cps at 105 s" 1 (n' of about .524 and K' of about 33 dynes/cm2). 

Example 7 

(0029J A fracturing fluid having a high concentration of conventional CMHPG was 
tested to compare with Example 1 above. The conventional fluid was prepared by adding 2.4 
grams (40 ppt) of conventional CMHPG to 500 ml of tap water rapidly agitated and containing 
0.5 ml of a 50 weight percent aqueous TMAC. After hydrating for about 30 minutes, the pH was 
adjusted to about 4.8 with glacial acetic acid. Afterward, with good agitation, 0.35 ml of a 
zirconium lactate crosslinking agent (8.5% Zr02) was added. Gelation occurred in about 40 
seconds. 

(0030J The fluid was tested in accordance with Example 1. The conventional fluid 
retained a viscosity of 245 cps at 105 s" 1 after about 90 minutes and 162 cps at 105 s" 1 after about 
118 minutes. The fluid of the present invention, using half as much polymer, surprisingly 
retained about the same viscosity (232 cps at 105 s" 1 after about 90 minutes and 145 cps at 105 s' 
1 after about 124 minutes). 
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Example 8 

[0031] A fracturing fluid having a low concentration of conventional CMHPG was 
tested to compare with the invention described in Example 3. The fracturing fluid was prepared 
by adding 0.9 grams (15 ppt) of conventional CMHPG to 50 ml of tap water, rapidly agitated and 
containing 0.5 ml of a 50 weight percent aqueous TMAC. After hydrating for about 30 minutes, 
the pH was adjusted to about 4.5 with glacial acetic acid. Afterward, with good agitation, 0.25 
ml of a zirconium lactate crosslinking agent (8.5% Zr02) was added. Gelation occurred in about 
90 seconds. 

[0032] The gel was evaluated in accordance with Example 3. This conventional 
system provided only about one and one half hours of stability as compared to over 16 hours for 
the high yielding CMHPG of Example 3. The conventional fracturing fluid achieved an initial 
viscosity of 305 cps at 105 s" 1 which rapidly decreased to 1 10 cps in one hour and dropped below 
100 cps after 2 hours. 

Example 9 

[0033] In this experiment, the fracturing fluid pH was elevated to exceed 1 1.0. This is 
to show applicability in high pH environments. The fluid was prepared by adding 0.9 grams of 
the CMG used in Example 6 to 500 ml of tap water rapidly agitated and containing 0.5 ml of a 
50 weight percent aqueous TMAC solution. After hydrating for 30 minutes, the solution's Farm 
35 viscosity was 1 1.5 cp at 51 1 s" 1 . The pH was adjusted 1 1.40 with 0.25 ml 46 weight percent 
aqueous potassium hydroxide. Afterward, with good agitation, 0.25 ml of a zirconium lactate 
based crosslinking agent (8.5% Zx0 2 ) was added. Gelation occurred in about 15 seconds. The 
fluid was evaluated using the Fann 50C viscometer as described in Example 1 except that the test 
temperature was about 150°F. (65°C). The pump time for this 15 ppt polymer laden fluid 
exceeded 4 hours. The fluid obtained a viscosity of 686 cps at 105 s" 1 at test temperature (n': 
0.866 and K': 12.8 dynes/cm 2 ) and declined to 618 cps at 105 s" 1 (n': 0.685 and K': 26.78 
dynes/cm 2 ) after about 4 hours at temperature. 



HOUSTON 2 ! 6614v ! 49501 -00007 USC3 



12 



Attorney Docket No. 49501.7USC3 
Client Ref .: 0296-00 18-US 



Example 10 

(0034J In this experiment, the fracturing fluid pH was elevated to exceed 1 1.0. This is 
to show applicability in higher temperatures and pH environments. The fluid was prepared by 
adding 0.9 grams of the CMG used in Example 6 to 500 ml of tap water rapidly agitated and 
containing 0.5 ml of a 50 weight percent aqueous TMAC solution and 0.6 grams of sodium 
thiosulfate. After hydrating for 30 minutes, the solution's Fann 35 viscosity was 1 1 .5 cp at 51 1 
s'\ The pH was adjusted to 1 1.35 with 0.25 ml 46% aqueous potassium hydroxide. Afterward, 
with good agitation, 0.25 ml of a zirconium lactate based crosslinJcing agent (8.5% Zr0 2 ) was 
added. Gelation occurred in about 15 seconds. The fluid was evaluated using the Farm 50C 
viscometer as described in Example 1 except that the test temperature was about 230°F. 
(110°C). The pump time for this 15 ppt polymer laden fluid exceeded 4 hours. The fluid 
obtained a viscosity of 645 cps at 105 s" 1 at test temperature (n': 1.091 and K': 4.225 dynes/cm 2 ) 
and declined to 270 cps at 105 s" 1 (n': 0.669 and K': 12.588 dynes/cm 2 ) after about 4 hours at 
temperature. 

[0035] What is claimed is: 
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